We present a phenomenological analysis of data on both inclusive and semi-inclusive spin asymmetries. We examine the impact of the semi-inclusive results presented by SMC on the determination of polarized parton distributions performing global fits with different sets of observables. We discuss the flavour dependence of the polarized sea inside a nucleon.
In recent years a number of theoretical attempts [1, 2, 3, 4, 5, 6, 7, 8, 9, 10] to determine the polarized quark parton distributions in the nucleon have been performed.
The deep inelastic polarized structure functions g N 1 (x, Q 2 ) or the asymmetries measured in inclusive processes [11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21] are used in phenomenological
analyses. Such an analysis of the first moment of the structure function Γ N 1 = 1 0 g N 1 (x)dx pointed out that quarks carry little of the spin of the nucleon [13, 22, 23] . The reasonable suggestion is that the sea quarks and/or gluons are polarized. However, inclusive deep inelastic scattering does not provide sufficient information about the flavour separation of the polarized sea. Hence different combination of the polarized parton distributions have to be measured in order to get more information about flavour structure of the polarized sea.
The measurement of the semi-inclusive spin asymmetries for positively and negatively charged hadrons from deep inelastic scattering of polarized muons on polarized protons and deuterons provides additional data on required observables. Presently available semiinclusive results [24, 25, 26] can be used to determine polarized valence and non-strange sea quark distributions, independently from totally inclusive data. The aim of the paper is to combine two kinds of existing data, inclusive and semi-inclusive, to extract polarized parton distributions.
Measurement of the inclusive deep inelastic lepton nucleon scattering gives information about the spin asymmetry [27] :
which in leading order QCD parton model is given by:
where e q is the charge of the q-flavoured quark, q and ∆q denotes unpolarized and polarized quark distributions respectively, where q = u, d, s,ū,d,s. This is the consequence of the fact that in LO QCD 2g 1 = q e 2 q ∆q, [28] . In calculations, we use the parametrization of R described in Ref. [29] , which is analogous to the one given in Ref. [30] , but fitted to the enlarged set of data on R with new experimental values [31, 32, 33, 34] .
This correction leads to the expression:
for proton and neutron target (N = p, n). The parton distributions are those of the proton whereas for neutron are obtained by the isospin interchange u ↔ d. For deuteron target case one has to multiply above expression by additional factor 1 − 3/2p D where p D is a probability of D-state in deuteron wave function (p D = 0.05 ± 0.01) [35] .
Analogously, for the semi-inclusive asymmetries, the expression in the same order can be written as:
where h denotes the hadron detected in the final state and the variable z is given by E h /E N (1 − x) with energies given in γ * p CM frame. The region Z is determined by kinematical cuts in measurement of the asymmetries. Summing over positively charged hadrons, i.e. π + , K + and p, and negatively charged (π − , K − ,p) respectively, we get:
Here
is the fragmentation function which represents the probability that a struck quark with a flavour q fragments into a hadron h. To reduce the number of independent fragmentation functions one can use charge invariance and isospin rotation symmetry as well as assumption for the unfavoured and favoured fragmentation [24, 25] . Further assumption concerning the strange quark fragmentation
K+ u ) reduces the number of independent fragmentation functions to 6. Finally the set of different weights in eq. (5) is:
The presence of different h D h q in eq. (5) enables to examine combination of the polarized parton distributions different than in the inclusive case.
To compare theoretical predictions of eq. (3) and eq. (5) with experimental results we have to construct or choose the set of unpolarized and polarized quark parton distribution functions. These functions are combinations of the elementary ones, i.e. density of quarks with spin parallel to the nucleon spin q + (x, Q 2 ) and density of quarks with spin antiparallel to the nucleon spin q
Our assumption is that distributions q + and q − have the same functional behaviour, so there is the only difference in the numerical coefficients [6] . It is not necessarily true for q and ∆q because the appropriate coefficients in q + and q − could be equal (or have the same absolute value but opposite sign) and in this case equivalent coefficients in q (∆q) vanish. The idea is to use formulas for the unpolarized quark parton distributions as an input, then to extract from them formulas for q + and q − distributions just by splitting the numerical constants.
Previously this idea was explored in Ref. [6] 1 , where the latest version of the MRS [36] parametrization was used. To test the dependence of final results on the input parametrization we have chosen the latest version of GRV parametrization for unpolarized parton distributions [37] .This parametrization gives for the valence quarks at
whereas for the sea anti-quarks:
where S(x) =d(x) +ū(x) is the non-strange singlet contribution to the sea and
is the isovector non-strange part of the quark sea. For the unpolarized gluon distribution we get:
Generally the unpolarized parton distribution for the valence quarks and the isovector non-strange part of the sea can be written in the form
cases there is a similar part (1 − x) βq , which describes asymptotic behaviour for x tending to 1 but terms responsible for behaviour for x tending to 0 are more complicated.
Now we split the above distribution functions between q + and q − in order to get polarized parton distributions as ∆q(
The asymptotic behaviour for x → 1 (i.e. the value of β q ) is the same for all distributions like in the unpolarized case and for x → 0 (the value of α q ) it remains unchanged for valence quarks and the isovector part of quark sea. We must be more careful in treating the strange sea and the isoscalar part. Assuming that the polarized structure function g 1 have to be integrable one has to split appropriate numerical constants in such a manner that non-integrable terms of unpolarized parton distributions disappear in polarized parton distributions (i.e.
one has to split these coefficients equally between q + and q − ). This procedure, of course, changes asymptotic behaviour but functions remain integrable despite singular behaviour at x → 0. Our expressions for ∆q(x) are:
where we have introduced 15 new parameters.
The polarized parton distribution functions must satisfy positivity constraint,
which leads to several constraints on coefficients in each distribution. Furthermore we fix the normalization of the non-singlet distributions using the experimental value of the axial charge:
where F and D are the antisymmetric and symmetric SU(3) coupling constants of hyperon beta decays [38, 39] . ∆q denotes the first moment, i.e. the total polarization of each quark (or combination of quarks), which is defined as:
The SU(3) f lavour non-singlet combinations are defined by:
Assuming that the sea contribution for quarks and anti-quarks are equal, first moments of above non-singlet combinations become:
As we do not fix the first moment ∆q 3 we are able to test the Bjorken sum rule [40] 
We do not put ∆δ(x, Q 2 ) = 0 (we distinguish ∆ū and ∆d), thus we are able to test SU(2) isospin breaking effects. Other first moments that can be calculated using the obtained integrated quark polarizations are:
The remaining 16 coefficients of eqs. (10) are determined by fitting the available data on the inclusive spin asymmetries for proton, neutron and deuteron targets and on the semi-inclusive spin asymmetries for the proton and deuteron target. The fit is performed assuming that the spin asymmetries do not depend on Q 2 . Although the latter assumption is not consistent with theoretical predictions (Q 2 -evolution of the numerator of eqs. (1, 4) differs from Q 2 -evolution of the denominator due to different polarized and unpolarized splitting functions), it is consistent with experimental observation [11] [12] [13] [14] [15] [16] [17] [18] [19] .
The results for the parameters in eq. (10) derived from the fit to data on inclusive and semi-inclusive spin asymmetries are presented below: Results for the inclusive asymmetries for the proton, neutron and deuteron target are compared to the experimental data in Fig. 1 . The comparison of the fitted semi-inclusive spin asymmetries for production of positively and negatively charged hadrons from the proton and deuteron target to experimental points is given in Fig. 2 . Polarized quark distributions are presented in Fig. 3 . The semi-inclusive spin asymmetries obtained from the fit to the data on semiinclusive spin asymmetries, compared to recent results presented by SMC [26] . A N ± total 1 denotes semi-inclusive asymmetries obtained from the total fit to inclusive and semiinclusive data. Predictions for semi-inclusive asymmetries calculated using distributions which come out from the fit to inclusive data are also presented (A N ± incl. 1
). Note the last data point for A p+ 1 , which gives the largest contribution to χ 2 , even for the semi-inclusive fit. 
Our results on first moments of the proton and neutron structure functions are in agreement with experimental results given in Ref. [18] . Other estimations in Ref. [14, 15, 20, 21] are slightly smaller but our results are still consistent within two standard deviations.
For the first moment of the deuteron structure function g [16, 19] . For the purely non-singlet combination of the structure functions (g The non-singlet combination is expected to be less sensitive to the low x shape than its singlet counterpart [44] . Similarly, we observe that the value of ∆q 3 varies between 1.19 and 1.17 while ∆u+∆d = ∆u v +∆d v +2∆S changes from 0.34 in our model to 0.28 for Regge-type behaviour. We obtain a quite large and positive non-strange sea polarization and the whole sea polarization alike (2∆s = −0.08 seems to be reasonable). Finally, ∆Σ = 0.26 (0.20) is consistent with existing determinations.
Performing fits to the inclusive and semi-inclusive data separately we can test the impact of each type of data on the total fit. When we use our model to make a fit to the data on inclusive spin asymmetries solely, we get χ 2 = 95, nearly equal to 96.6, which is the contribution of the inclusive data points to the χ 2 = 147 of the total fit (12)). Hence the asymmetry is sensitive only to the whole ∆q distributions but not to valence and sea quark distributions separately. The distributions ∆u and ∆d derived from the total fit and the fit to inclusive data have the same shape, which can be seen in Fig. 4 , whereas splits between valence and sea quark distributions are different in both cases (compare Fig. 1 ). The whole ∆d and ∆u distributions derived from the total fit and from fits to the data on inclusive and semi-inclusive spin asymmetries separately.
The comparison to the similar analysis (performed in Ref. [6] ), which uses the MRS parametrization as an input shows us the influence of choice of input parametrization on distributions and first moments. There is almost no difference between first moments of distributions for quarks of a certain flavour obtained in Ref. [6] and in this analysis.
Corresponding results are: ∆u = 0.76 (0.70 assuming Regge behaviour), ∆d = −0.52 (-0.37), ∆s = −0.07(-0.07). There is a significant difference in division between valence and sea quarks. What is most important, the total polarization of the sea quarks changes its sign. In Ref. [6] ∆q sea = −0.18(-0.22) whereas we have obtained ∆q sea = 0.22(0.13).
Parameterizations obtained using inclusive and semi-inclusive data give a good description of the semi-inclusive asymmetries, as can be seen in Fig. 4 at x = 0.48, which makes that semi-inclusive asymmetries go below the total and inclusive predictions (Fig. 2) . Absence of this point would improve the result of comparison to the experiment and change high x behaviour of the fitted semi-inclusive asymmetries.
We get for the fit with semi-inclusive data points only χ 2 = 39.
The integrated quantities are: 
There is no important difference between above first moments and integrals obtained assuming Regge behaviour for low x. These results are in a good agreement with experimental estimations [25, 26] . The presence of various weights in the semi-inclusive spin asymmetries (eq. (12)) induces that division of ∆u and ∆d between valence and sea parts is no longer strongly model dependent. Also differences among sea quarks of different flavours are emphasized. In Fig. 1 , one sees that the parametrizations obtained using only semi-inclusive data points give inclusive asymmetries too far from experimental data points. If we compute χ 2 for all data points of both types with the obtained distributions
we get 505 what is an unacceptable value. The substantial part comes from the E154 data for the neutron target, mainly due to the differences in the whole ∆d distribution obtained from semi-inclusive and total fits, as can be seen in Fig. 4 .
We have performed an analysis of the world data on polarized deep inelastic scattering, inclusive and semi-inclusive, assuming that ∆ū = ∆d, i.e. ∆δ = 0. But in the inclusive case only whole quark distributions of a certain flavour are distinguished, i.e. have different weights in the asymmetry. As ∆u(d) = ∆u(d) v + ∆S ∓ ∆δ, putting ∆δ = 0 gives two additional coefficients, very weakly constrained. We have performed also a fit to the inclusive data only, putting ∆δ = 0 and we have got almost the same value of χ 2 as before.
Although it is possible to obtain the information about difference between ∆ū and ∆d without taking into account semi-inclusive data, the results are very poorly constrained by the data.
The situation is better in the semi-inclusive case where all of the distributions (valence and sea separately) appear in the semi-inclusive spin asymmetry with different weights.
Hence, up till now, there are 24 data points 2 constraining the coefficients of the ∆δ distribution. Performing a fit to the semi-inclusive data with ∆δ = 0 we have got a slightly worse value of χ 2 then in the case with ∆δ = 0.
The inclusion of available semi-inclusive data to the analysis of the inclusive events gives more stable results. Using data on semi-inclusive spin asymmetries we can distinguish valence and sea quarks distributions of the same flavour as well as ∆ū and ∆d.
However parametrization obtained as the best fit to the semi-inclusive data gives the unacceptable description of the inclusive ones, mainly due to the differences in the ∆d distribution. Hence, we have got no perfect consistence of inclusive and semi-inclusive results in our model. Additional data from semi-inclusive experiments using 3 He target can reverse the situation. The next step in the analysis, i.e. addition of the Q 2 -dependence of distribution functions can also improve an agreement of our model with an experiment.
Our analysis shows that the result which gives the polarization of the sea quarks depends strongly on used parametrization of the polarized parton distributions.
2 for the deuteron target ∆δ does not appear in the formula for the semi-inclusive spin asymmetry.
